PRINTED CIRCUIT BOARD TEST ACCESS POINT STRUCTURES AND 
METHOD FOR MAKING THE SAME 

Background of the Invention 
In-circuit testers (ICT) have traditionally used "bed-of-nails" (BON) 
access to gain electrical connectivity to circuit wiring (traces, nets, pads) for 
control and observation capability needed for testing. This necessitates 
having access points within the layout of circuit nets that can be targets for 
ICT probes. Test access points are usually circular targets with 28 to 35 mil 
diameter that are connected to traces on the printed circuit board. In some 
cases these targets are deliberately added test pads, and in other cases the 
targets are "via" pads surrounding vias already provided in the printed circuit. 

Lower diameter targets are increasingly difficult to hit reliably and 
repeatably, especially when a test fixture may contain several thousand such 
probes. It is always desirable to use larger diameter targets, but this is in 
fundamental conflict with the industry trend towards higher densities and 
smaller geometry devices. 

Yet another industry trend is to use higher and higher speed logic 
families. One Megahertz (MHz) designs became ten MHz designs, then 100 
MHz designs, and are now reaching the Gigahertz domain. The increases in 
logic speed necessitates industry attention to board layout rules for higher- 
speed interconnects. The goal of these rules is to create a controlled 
impedance pathway that minimizes noise, crosstalk and signal reflections. 

The preferred way of transmitting high-speed data is through 
differential transmission signals. FIG. 1 illustrates the important layout 
parameters for a classic pair of differential transmission signal traces 102a, 
102b on a portion of a printed circuit board 100. As illustrated, the printed 
circuit board 100 is formed as a plurality of layers. In the illustrative 
embodiment, the printed circuit board 100 includes a ground plane 104 
layered over a substrate 105, a dielectric 103 layered over the ground plane 
104, traces 102a, 102b layered over the dielectric 103, and a solder mask 
106 layered over the traces 102a, 102b and exposed surfaces of the 
dielectric 103. In such a layout, there are a number of critical parameters that 
affect the impedance of the signal path. These parameters include trace 
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width 110, trace separation 111, trace thickness 112, and dielectric 
constants of the solder mask and board material. These parameters 
influence the inductance, capacitance, and resistance (skin effect and DC) of 
the traces which combine to determine the transmission impedance. It is 
desired to control this value across the entire run of each trace 102a, 102b. 

In higher speed designs it is also important to control the symmetry of 
the traces. Ideally, both paths 102a, 102b would be identical in length, as 
shown in FIG. 2A. However, routing signals on a crowded printed circuit 
board necessitates curves and bends in the path, which makes matching 
lengths and symmetries more difficult. In some cases, series components 
(such as series terminations or DC blocking capacitors) must be included in 
the path, and these have dimensions that differ from the layout parameters. 
FIG. 2B, for example, illustrates DC blocking capacitors 114a, 114b on the 
differential signal traces 102a, 102b. Signals may have to traverse 
connectors, which add to the difficulties. 

Additional difficulties arise when testing is considered. Testing 
requires tester access to circuit traces at particular probe targets. Layout 
rules typically require test targets to be at least 50 mils apart and may 
require the diameter of the test point targets to greatly exceed the width of 
the traces. FIG. 2C illustrates test targets 1 15a, 1 15b symmetrically 
positioned 50 mils apart on the differential signal traces 102a, 102b. FIG. 2D 
illustrates test targets 1 1 5a, 1 1 5b arranged asymmetrically, but at least 50 
mils apart, on the differential signal traces 102a, 102b. FIG. 2E illustrates 
test targets 1 15a, 1 15b arranged asymmetrically from the DC blocking 
capacitors 1 14a, 1 14b but at least 50 mils apart on the differential signal 
traces 102a, 102b, and FIG. 2F illustrates the test targets 115a, 115b 
implemented on the capacitors 114a, 114b themselves, requiring 
asymmetrical positioning of the capacitors on the differential signal traces 
102a, 102b. 

The positioning of test targets 102a, 102b can be problematic. In 
many cases the need to keep a minimum separation between targets 
(typically 50 mils, minimum) is in direct conflict with controlled impedance 
layout rules. These conflicts lead to either a compromise in controlled 
impedance integrity, or a forced reduction in target placement with a 
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resulting reduction in testability. As signal speeds continue to rise, this 
problem will only get worse. 
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Summary Of The Invention 
The present invention solves the conflict problems faced by traditional 
techniques for test access point placement on printed circuit boards by 
minimizing the perturbations of traces in the x- and y- dimensions and taking 
advantage of the z-dimension. In particular, the invention utilizes trace 
thickness to implement test access points, thereby allowing test access point 
placement anywhere along the trace. This in turn allows the ability to design 
printed circuit boards with test access point placement according to the 
positions of fixture probes of a given test fixture, rather than vice versa as in 
the prior art. 

In one preferred embodiment solder beads are conductively 
connected to the top surfaces of traces where test access points are desired. 
In this embodiment, after the traces are printed or otherwise deposited on 
the dielectric, a solder mask having holes where test access points are 
desired is deposited over the exposed surfaces of the traces and underlying 
dielectric. The solder mask is then covered with solder paste, filling any 
holes in the mask. The solder paste is made up of solder and flux. The 
solder paste is then heated to burn off the flux, causing the solder to retract 
from the walls of the holes and to form solder beads that project above the 
walls of their respective holes. The dimensions of the solder mask holes 
determine the final diameter of the solder beads. Accordingly, test access 
point structures can be implemented directly along the trace, yet have a 
large enough diameter to be probed and still meet board layout 
requirements. 

In the preferred embodiment, the test access point structure is non- 
integral to the trace and is added to the trace after the trace has been 
printed on the printed circuit board. In an alternative embodiment, the test 
access point structure may be implemented integral to the trace and is 
formed during formation of the trace itself. 

To compensate for any undesired secondary effects on the 
impedance of the trace at the test access point due to the test access point 
structure, the width of the trace at the test access point may be reduced. 
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Brief Description Of The Drawings 
A more complete appreciation of this invention, and many of the 
attendant advantages thereof, will be readily apparent as the same becomes 
better understood by reference to the following detailed description when 
considered in conjunction with the accompanying drawings in which like 
reference symbols indicate the same or similar components, wherein: 

FIG. 1 is a cross-sectional side view of a conventional printed circuit 
board with differential signal traces showing the x- and z- dimensions in the 
x-, y-, z-coordinate system; 

FIG. 2A is a top view of the printed circuit board of FIG. 1 showing the 
x- and y- dimensions of the differential signal traces in the x-, y-, z- 
coordinate system; 

FIG. 2B is a top view of a printed circuit board showing the x- and y- 
dimensions in the x-, y-, z-coordinate system of a pair of differential signal 
traces with capacitors; 

FIG. 2C is a top view of a printed circuit board showing the x- and y- 
dimensions in the x-, y-, z-coordinate system of a pair of differential signal 
traces with symmetrically arranged test access point pads; 

FIG. 2D is a top view of a printed circuit board showing the x- and y- 
dimensions in the x-, y-, z-coordinate system of a pair of differential signal 
traces with asymmetrically arranged test access point pads; 

FIG. 2E is a top view of a printed circuit board showing the x- and y- 
dimensions in the x-, y-, z-coordinate system of a pair of differential signal 
traces with capacitors with asymmetrically arranged test access point pads; 

FIG. 2F is a top view of a printed circuit board showing the x- and y- 
dimensions in the x-, y-, z-coordinate system of a pair of differential signal 
traces with capacitors having test access point pads integral to the 
capacitors; 

FIG. 3A is a top view of a portion of a printed circuit board showing 
the x- and y- dimensions in the x-, y-, z-coordinate system of a trace with a 
test access point structure implemented in accordance with the principles of 
the invention; 
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FIG. 3B is a cross-sectional side view showing the x- and z- 
dimensions in the x-, y-, z-coordinate system of the portion of the printed 
circuit board and trace of FIG. 3A; 

FIG. 3C is a cross-sectional side view of the portion of the printed 
circuit board and trace of FIGS. 3A and 3B showing the y- and z- dimensions 
in the x-, y-, z-coordinate system; 

FIG. 4 is an operational flowchart illustrating a preferred method of 
manufacture of a test access point structure of the invention on a trace of a 

printed circuit board; 

FIG. 5A is a top view of a portion of a printed circuit board showing 
the x- and y- dimensions in the x- y-, z-coordinate system of a pair of 
differential traces with test access point structures implemented according to 
the method of FIG. 4; 

FIG. 5B is a cross-sectional side view showing the x- and z- 
dimensions in the x-, y-, z-coordinate system of the portion of the printed 
circuit board and trace of FIG. 5A after application of the solder mask but 
prior to application of solder paste; 

FIG. 5C is a cross-sectional side view showing the y- and z- 
dimensions in the x-, y-, z-coordinate system of the portion of the printed 
circuit board and trace of FIGS. 5A and 5B after application of the solder 
mask but prior to application of solder paste; 

FIG. 5D is a cross-sectional side view showing the x- and z- 
dimensions in the x-, y-, z-coordinate system of the portion of the printed 
circuit board and trace of FIGS. 5A-5C after application of solder paste; 

FIG. 5E is a cross-sectional side view showing the y- and z- 
dimensions in the x-, y-, z-coordinate system of the portion of the printed 
circuit board and trace of FIGS. 5A-5D after application of solder paste; 

FIG. 5F is a cross-sectional side view showing the x- and z- 
dimensions in the x-, y-, z-coordinate system of the portion of the printed 
circuit board and trace of FIGS. 5A-5E after soldering; 

FIG. 5G is a cross-sectional side view showing the y- and z- 
dimensions in the x-, y-, z-coordinate system of the portion of the printed 
circuit board and trace of FIGS. 5A-5F after soldering; 
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FIG. 6A is a top view of a portion of a printed circuit board showing 
the x- and y- dimensions in the x-, y-, z-coordinate system of a pair of test 
access points implemented on differential traces of a printed circuit board 
and a corresponding pair of circular test probes illustrating probe-to-TAP 
contact even with misalignments of probe centers; 

FIG. 6B is a cross-sectional side view showing the x- and z- 
dimensions in the x-, y-, z-coordinate system of the portion of the printed 
circuit board and probes of FIG. 6A; 

FIG. 6C is a cross-sectional side view showing the y- and z- 
dimensions in the x-, y-, z-coordinate system of the portion of the printed 
circuit board and probes of FIGS. 6A-6B; 

FIG. 7 is an operational flowchart illustrating an alternative preferred 
method of manufacture of a test access point structure of the invention on a 
trace of a printed circuit board; 

FIG. 8A is a cross-sectional view of a portion of a printed circuit board 
showing the y- and z- dimensions in the x-, y-, z-coordinate system of a test 
access point implemented in accordance with the method of FIG. 7; 

FIG. 8B is a cross-sectional view of a portion of a printed circuit board 
showing the x- and z- dimensions in the x-, y-, z-coordinate system of a test 
access point implemented in accordance with the method of FIG. 7; 

FIG. 9A is a top view of a portion of a printed circuit board showing 
the x- and y- dimensions in the x-, y-, z-coordinate system of an alternative 
embodiment of a pair of test access points using trace narrowing to 
compensate for the change in transmission line characteristics due to the 
addition of the test access point structures; 

FIG. 9B is a cross-sectional side view showing the x- and z- 
dimensions in the x-, y-, z-coordinate system of the portion of the printed 
circuit board of FIG. 9A; 

FIG. 9C is a cross-sectional side view showing the y- and z- 
dimensions in the x-, y-, z-coordinate system of the portion of the printed 
circuit board of FIGS. 9A-9B; 

FIG. 1 0A is a top view of a portion of a printed circuit board showing 
the x- and y- dimensions in the x-, y-, z-coordinate system of another 
alternative embodiment of a pair of test access points using trace narrowing 
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to compensate for the change in transmission line characteristics due to the 
addition of the test access point structures; 

FIG. 1 0B is a cross-sectional side view showing the x- and z- 
dimensions in the x-, y-, z-coordinate system of the portion of the printed 
circuit board of FIG. 10A; and 

FIG. 10C is a cross-sectional side view showing the y- and z- 
dimensions in the x-, y-, z-coordinate system of the portion of the printed 
circuit board of FIGS. 10A-10B. 
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Detailed Description 
Turning now in detail to the invention, on a trace defined in an x-, y-, 
z- coordinate system where the x-dimension represents the trace width, the 
y-dimension represents the trace length, and the z-dimension represents the 
trace thickness, it will be recognized by those skilled in the art that present 
techniques for test access point placement on a printed circuit board utilize 
only the x- and y- dimensions. The present invention takes a different 
approach by taking advantage of the z-dimension, that is, the trace 
thickness. In this regard, the test access point structure of the invention is a 
localized "high point" on a printed circuit board trace that does not 
significantly perturb the impedance of the trace and that can be targeted with 
a probe. 

FIGS. 3A-3C illustrate an exemplary embodiment of a test access 
point structure implemented in accordance with the invention. As shown in 
FIGS. 3A-3C, a printed circuit board 1 includes a substrate 5, a ground plane 
4, and at least one dielectric layer 3 with a trace 2 printed, deposited, or 
otherwise attached thereon. A solder mask 6 with a hole 7 formed over the 
trace 2 at a location where a test access point structure 8 is positioned is 
layered over the exposed surfaces of the dielectric layer 3 and trace layer 2. 
A test access point structure 8 is conductively attached to the trace 2 within 
the solder mask hole 7 at the test access point. The test access point 
structure 8 projects above the exposed surrounding surfaces of the solder 
mask 6 to form an exposed localized high point on the trace 2 that may be 
used as a test target by a fixture probe during testing of the printed circuit 
board 1. In the preferred embodiment, the test access point structure 8 is a 
solder bead with a length (in the y-dimension) larger than the width (in the x- 
dimension) of the trace to provide maximum probe access success. 

In a preferred method of manufacture of the test access point 
structures 8, the invention utilizes existing printed circuit board fabrication 
processes, thereby keeping costs low. As known in the art, virtually every 
printed circuit board is constructed with high-speed signals appearing on the 
outer layers due to the ability to more easily control impedances on the outer 
layers. The two outer layers are also typically coated with a solder mask that 
is used to assure that only exposed copper (or other conductive materials) 
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areas will retain solder paste that is applied via a screen printing process. 
Holes in the solder mask assure that only those areas of copper that should 
be soldered with receive solder paste. 

FIG. 4 is an operational flowchart illustrating a preferred method 200 
of manufacture of a test access point structure on a trace of a printed circuit 
board, and FIGS. 5A-5G include various views of a portion of a printed circuit 
board 10 during manufacture of the test access point structure 18a, 18b in 
accordance with the method of FIG. 4. Referring now to FIG. 4 with 
additional reference to FIGS. 5A-5G, in the preferred method of manufacture 
of the test access point structures of the invention, the printed circuit board 
10 is fabricated in step 201 to the point of printing, depositing, or otherwise 
layering the traces 12a, 12b on which test access point structures 18a, 18b 
are to be implemented. In step 202, test access point holes 17a, 17b (in 
auuiiiun Lu huies i9a, i3u, i9u, i3u Tui Li is LiauiLionai points of soider - e.g., 
component pin-to-trace solder points) are defined and implemented in the 
printed circuit board solder mask 16 in locations over traces 12a, 12b at 
desired test access points, as illustrated in FIGS. 5A, 5B, and 5C. The test 
access point holes 17a, 17b are designed to be fractionally larger than the 
width of their respective traces 12a, 12b and may stretch three to ten or 
more times longer than they are wide. By designing the test access point 
holes 17a, 17b to be only fractionally larger than their respective trace 
widths, as shown by hole 17a and trace 12a in FIG. 5B, the trace width 
dimensions themselves are not affected, which allows test access point 

positions of the test access point holes 17a, 17b in the solder mask 16 are 
g 0vernec j by rules on minimum probe spacing and proximity to other devices 
that must be avoided. 

Once the test access point holes 17a, 17b are located and the solder 
mask 16 is produced, printed circuit board fabrication proceeds as is normal 
in the art. To this end, in step 203, solder paste 1 1 is applied to the board 
10, thereby filling the solder mask holes 17a, 17b, using the standard well- 
known silk-screen process, as illustrated in hole 17a in FIGS. 5D and 5E. 
The area of the hole 17a determines the volume of solder paste 1 1 that ends 
up in the hole 17a. 
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In step 204, the solder paste is soldered to the conductive areas 
exposed by the solder mask, for example using a reflow soldering technique. 
Soldering is a very well-understood process. As known in the art, the solder 
paste is approximately 90% metal and 10% flux. When the solder paste 
melts during reflow soldering, the flux burns off, preventing oxidation of the 
solder and reducing the end volume. Surface tension causes the paste to 
reform from a rectilinear shape, as defined by the mask hole, into a semi- 
spheroidal shape defined by the exposed copper. Thus, the melted solder 
will retract from the walls 20 of the test access point hole 17a in the solder 
mask 16 and form a bead 18, as illustrated in FIGS. 5F and 5G that can 
project some distance 21 above the solder mask 16. This distance, or test 
access point structure thickness 21 in the z-dimension of the x-, y-, z- 
coordinate system, is determined by the area of the exposed trace 12a, 12b 
and the original volume of the solder paste 1 1 . 

Once the locations of the test access point structures has been 
determined, an ICT fixture can be designed with positioning of circular test 
probes 22a, 22b, as illustrated in FIGS. 6A, 6B, and 6C, such as to ensure 
that the test access point structures 18a, 18b (in this embodiment, solder 
beads) will be hit even with the expected misalignments of probe centers. 
The area of the probe heads 24a, 24b may be made larger than typical test 
target areas (28-35 mils) to enhance probing success, limited by probe 
density and proximity of nearby devices that must not be touched. 

In an alternative embodiment to the solder bead test access point 
structure, the thickness of the trace itself can be increased in predetermined 
test access point locations during the trace printing process. FIG. 7 
illustrates a method 210 in accordance with this alternative embodiment for 
fabricating test access point structures. As illustrated, once the board layout 
is determined in step 21 1 , test access point locations along the traces are 
then determined in step 212. During manufacture of the printed circuit 
board, in step 213 the traces are printed, deposited, or otherwise layered on 
top of a dielectric layer. For each test access point location on a given trace, 
the thickness of the trace material is increased at that location. 

FIG. 8A shows the y- and z- dimensions, and FIG. 8B shows the x- 
and z- dimensions in the x- y-, z-coordinate system of a pair of differential 
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signal traces implemented in accordance with the method of FIG. 7 for 
fabricating test access point structures. The printed circuit board 30 includes 
substrate 35, overlaid by ground plane 34, overlaid by at least one pair of 
dielectric 33 and trace layers 32. The exposed trace layer 32 is thicker at 
test access point locations where test access point structure 38a, 38b are 
implemented. The test access point structures 38a, 38b project a 
predetermined thickness 39 above a solder mask layer 36. As illustrated in 
FIG. 8A, the trace layer 32 gradually becomes thicker as it approaches the 
location of the test access point structure 38a in both directions along the y- 
axis where it reaches a localized "thick" point, which embodies the test 
access point structure 38a. 

An enhancement to the invention for ensuring that the test access 
point structures do not result in undesired secondary effects on the trace 
impedance at the test access points due to the change in apparent thickness 
of the trace in a localized area is to coordinate changes to the trace layout 
with the placement of the test access point structures. Several controllable 
factors exist in the layout that can be used to mitigate the impedance "bump" 
due to the test access point structure. These factors include the width and 
the spacing of the traces. For example, the trace width can be narrowed in 
the localized region of the test access point structure location. The 
narrowing of the trace would normally increase the inductance and reduce 
the capacitance of the trace. However, since the test access point structure 
would have the opposite effect, the change in trace shape operates to 
compensate for the changes due to the test access point structure in that 
localized area of the trace. 

One embodiment of trace width narrowing in areas of test access 
point structures is as illustrated in FIGS. 9A, 9B, and 9C. As shown therein, 
the printed circuit board 50 includes substrate 55, overlaid by ground plane 
54, overlaid by at least one pair of dielectric 53 and trace layers 52. The top 
trace layer 52 and exposed surfaces of the dielectric 53 are overlaid by a 
solder mask 56 with a hole 57 where a test access point structure 58 is 
located. In this embodiment, the trace thickness is substantially constant, 
and test access point structure is implemented using the solder beading 
process described in conjunction with FIGS. 4, and 5A-5G. In this 
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embodiment, however, the width 52a of the trace 52 is narrowed, as shown 
in FIGS. 9A and 9B, in test access point locations and returned to a 
substantially constant width 52b in places where no test access point 
structure is attached to the trace 52. Thus, the narrowing of the trace at the 

5 test access point location operates to compensate for the changes in 
impedance, capacitance, and inductance due to the test access point 
structure in that localized area of the test access point location. 

Another embodiment of trace width narrowing in areas of test access 
point structures is as illustrated in FIGS. 10A, 10B, and 10C. As shown 

10 therein, the printed circuit board 60 includes substrate 65, overlaid by ground 
plane 64, overlaid by at least one pair of dielectric 63 and trace layers 62. 
The top trace layer 62 and exposed surfaces of the dielectric 63 are overlaid 
by a solder mask 66 with a hole 67 where a test access point structure 68 is 
located. In this embodiment, the trace thickness 67 is substantially constant 

15 in areas where no test access point structure is implemented, and increases 
in at locations of test access point structures. The test access point 
structure 68 is implemented using the process described in conjunction with 
FIGS. 7, 8A, and 8B. In this embodiment, however, the width 62a of the 
trace 62 is narrowed, as shown in FIGS. 10A and 10B, in test access point 

20 locations and returned to a substantially constant width 62b and thickness 
67 in places where no test access point structure is attached to the trace 62. 
Thus, the narrowing of the trace at the test access point location operates to 
compensate for the changes in impedance, capacitance, and inductance 
due to the test access point structure in that localized area of the test access 

25 point location. 

It will be appreciated from the above detailed description of the 
invention that the present invention uniquely solves the conflict problems 
faced by traditional techniques for test access point placement on printed 
circuit boards. In particular, in the prior art paradigm, test access points are 

30 treated as "targets" on a printed circuit board that are hit by probes. In the 
new paradigm as presented herein, the probes are integrated into the 
printed circuit board itself using solder beads or increased trace thickness, 
and the fixture probes are treated as the targets. Since in the invention the 
perturbations of traces in the x- and y- dimensions are minimized, and the z- 
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dimension of the trace is utilized to implement test access points, test access 
points may be placed almost anywhere along the trace. This allows the 
placement decision of the test access points on the board to be made 
according to the locations of the fixture probes of a given test fixture rather 
than vice versa as done in the prior art. 

Although this preferred embodiment of the present invention has been 
disclosed for illustrative purposes, those skilled in the art will appreciate that 
various modifications, additions and substitutions are possible, without 
departing from the scope and spirit of the invention as disclosed in the 
accompanying claims. It is also possible that other benefits or uses of the 
currently disclosed invention will become apparent overtime. 
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